[Abstract] Programmable RNA-guided nucleases based on CRISPR (clustered regularly interspaced short palindromic repeats)-Cas (CRISPR-associated protein) systems have been applied to various type of cells as powerful genome editing tools. By using activation-induced cytidine deaminase (AID) in place of the nuclease activity of the CRISPR/Cas9 system, we have developed a genome editing tool AID can convert cytosine to uracil without DNA cleavage by deamination and then, uracil is converted
2 to thymine or the other bases through DNA replication and/or repair. Use of uracil DNA-glycosylase inhibitor (UGI), which blocks removal of uracil in DNA and the subsequent repair pathway, rendered mutations more likely to be C to T substitutions and improved the efficiency. While a series of variable components for Target-AID had been tested such as linkage, nickase Cas9 (nCas9) and UGI in the original study, we will focus on the use of AID ortholog PmCDA1 derived from sea lamprey, fused to nCas9 or nCas9 plus UGI for simplicity. Consistent to our study, applying the rat apolipoprotein B mRNA editing enzyme, catalytic polypeptide (rAPOBEC1) has also been reported as a programmable base editor (BE). Although BE targeted 5 bases surrounding the -15 position upstream of PAM (Komor et al., 2016) , Target-AID can modify 3 to 6 bases surrounding the -18 position upstream PAM. More recently, it has been reported that Target-AID can be applied for precise editing of plant genome (Shimatani et al., 2017) . 5 each well to evenly distribute the solutions. For transient assay (optional), proceed to step A10.
Incubate the transfected cells for 5 h at 37 °C with 5% CO2, and then replace the medium with
Ham's F12-G418 medium (see Recipes) after the wash procedure as described in step A5.
8. Incubate the cells for 5-7 days at 37 °C with 5% CO2 condition. Replace the medium with fresh
Ham's F12-G418 every 3 days. For pulse incubation (optional), see step A9.
9. (Optional) 24 h after transfection, transfer the culture plate to 25 °C with 5% CO2 condition and incubate for 24 h, followed by 37 °C incubation for 48 h. Repeat this process twice. This procedure is expected to increase mutation efficiency since PmCDA1 derived from sea lamprey is presumably adapted to lower temperatures (Nishida et al., 2016) . 6. Add 100 μl of single-cell suspension per 100 mm dish containing 7 ml Ham's F12-G418 medium, and mix gently. Make replicates at least three times as needed for statistical analysis.
The mutation efficiency will be analyzed by appropriate statistical analysis such as Student's t-test. (Optional) For counter-selection of the HPRT-null cells, add 100-300 μl of single-cell suspension per 100 mm dish containing 7 ml Ham's F12-G418-6-TG medium (see Recipes) and mix gently. Make plates with different concentration of cells, as survival rate may vary depending on the target. Efficiency for HPRT gene disruption will be estimated by the rate of 6-TG-resistant colonies over G418-resistant colonies. Incubate the plate at 37 °C with 5% CO2.
7. After 5-10 days incubation, colonies should be visible on the dish.
8. Remove the medium, then pick up single colonies using a 200 μl pipette tip and transfer the colony to a well of 24-well plate containing Ham's F12 medium-G418. Single-cell pick-up can be performed by typical methods such as trypsinization and serial dilution method.
9. Incubate at 37 °C with 5% CO2 for over a week until the clones to become 70-80% confluent in a 24-well plate.
www.bio-protocol.org/e2339 substitutions when a vector expressing the nCas9-UGI fusion (79620) is used. Mutations including the insertion, deletion and point mutation were shown in red.
Data analysis
Data analysis using CLC Genomic workbench 7.0 was described as 'Deep sequencing of target and off-target region of CHO cells' in Nishida et al., 2016.
Notes
1. There are various methods for the single-cell cloning. The optimal protocol for each cell type should be used.
2. By modifying the Cytosine at the antisense strand, targeted Guanine to Adenine substitutions can be introduced into the sense strand.
